SPECIFICATION 



TITm OF THE INVENTION 

SEMICONDUCTOR DEVICE 

CROSS-BEFERENCE TO RELATED APPLICATION 

The present application claims priority from Japanese 
Paten Application No, JP2003-93230 filed on March 31, 2003, the 
content of which is hereby incorporated by reference into this 
application. 

TECHNICAL FIELD OF THE INVENTICTT 

The present invention relates to a semiconductor device 
and, more particularly, to a technique which is effectively 
applied to a glass-sealed type semiconductor device. 

BACKGROUND OF THE INVENTION 

Japanese Patent Application Laid-Open No. 6-112386 
describes a technique related to diode parts having the 
following structure. That is, two slug leads each of which is 
obtained by junction of a CP line used as an external lead to a 
Dumet wire used as an internal lead are prepared, and the Dxamet 
wires of the two slug leads are inserted into the cylinders of 
cylindrical sealing members (glass sleeves) consisting of a 
glass material from both the ends of the cylinder, and a single 
diode is sealed in a cavity formed by the Dumet wires and the 
sealing material. 
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SUMMARY OF THE INVENTICaT 

According to the studies by the present inventors, in a 
glass-sealed type semiconductor device, it was found that high- 
temperature glass sealing causes various defects. For example, 
5 in a glass-sealed type Schottky barrier diode, a metal 

electrode in the Schottky barrier diode reacts to a silicon 
semiconductor region in glass sealing to cause a silicide layer 
to be formed, and a backward leakage current may be increased. 
This decreases a manufacturing yield of semiconductor devices 

10 and increases the manufacturing cost of the semiconductor 
devices.. In a switching diode using a PN junction, a zener 
diode, or the like, high-temperature glass sealing increases 
compression stress or tensile stress, the reliability of an 
electric connection between the diode and the Dumet electrode 

15 which are sealed may be deteriorated. This decreases the 

manufacturing yield of semiconductor devices and increases the 
manufacturing cost of the semiconductor devices. 

For this reason, in the glass-sealed semiconductor device, 
a glass sealing temperature is desired to be minimized. However, 

20 it was found that, when the glass sealing temperature is 
decreased by using a low-melting-point glass, adhesion 
properties between the glass and a Dumet wire serving as an 
internal electrode is deteriorated. This may cause the 
deterioration of the reliability of the glass-sealed type 

25 semiconductor device to deteriorate the manufacturing yield and 
to increase the manufacturing cost of semiconductor devices. 
It is an object of the present invention to provide a 
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semiconductor device the reliability of which can be improved. 

It is another object of the present invention to provide 
a semiconductor device the manufacturing cost of which can be 
reduced • 

5 The object, the other object, and novel characteristic 

features will be. apparent from the description of the 
specification and the -accompanying drawings. 

The outline of typical one of the aspects of the 
invention disclosed in this application will be briefly 
10 described below. 

In the semiconductor device according to the present 
invention, a glass-sealed type semiconductor device is fonned 
by using a Dumet wire in which the ratio of a layer (copper 
layer) containing copper as a main component is not less than 
15 20 wt%. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

FIG. 1 is a sectional view showing the structure of a 
semiconductor device according to an embodiment of the present 
20 invention; 

FIG. 2 is a sectional vide of a Dumet electrode; 

FIG. 3 is a main sectional view of a step in 
manufacturing a semiconductor element used in the semiconductor 
device according to an embodiment of the present invention; 
25 FIG. 4 is a main sectional view of a step in 

manufacturing the semiconductor element subsequent to the step 
in FIG. 3; 

FIG. 5 is a main sectional view of a step in 
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manufacturing the semiconductor element subsequent to the step 
in FIG. 4; 

FIG. 6 is a main sectional view of a step in 
manufacturing the semiconductor element subsequent to the step 
5 in FIG. 5; 

FIG. 7 is a diagram for explaining a step in 
manufacturing- the semiconductor device according .to an 
embodiment of the present invention; 

FIG. 8 is a diagram for explaining a step in 
10 manufacturing the semiconductor device subsequent to the step 
in FIG. 7; 

FIG. 9 is a diagram for explaining a step in 
manufacturing the semiconductor device subsequent to the step 
in FIG. 8; 

15 FIG. 10 is a diagram for explaining the characteristics 

of glass used in a glass sealing member; 

FIG. 11 is a diagram for explaining a ratio of a copper 
layer of a Dumet electrode used in the semiconductor device 
according to an embodiment of the present invention and a 
20 nickel content of the core portion of the Dumet electrode; 

FIG. 12 is a graph showing a result of a tensile strength 
test of a semiconductor device using a Dumet electrode of a 
comparative example; 

FIG. 13 is a graph showing a result of a tensile strength 
25 test of the semiconductor device" using the Dumet electrode 
according to an embodiment of the present invention; 

FIG. 14 is a graph showing a result of a tensile strength 
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of a semiconductor device when a copper oxide layer in the 
Dumet electrode is changed in thickness; 

FIG. 15 is a main sectional view of a step in 
manufacturing a semiconductor element used in a semiconductor 
5 device according to another embodiment of the present 
invention; 

FIG. 16 is a main sectional view of a step in 
manufacturing the semiconductor element subsequent to the step 
in FIG. 15; 

10 FIG. 17 is a main sectional view of a step in 

manufacturing the semiconductor element subsequent to the step 
in FIG. 16; 

FIG. 18 is a main sectional view of a step in 
manufacturing the semiconductor element subsequent to the step 
15 in FIG. 17; 

FIG. 19 is a sectional view of a semiconductor device 
according to still another embodiment of the present invention; 

FIG. 20 is a sectional view of a semiconductor device 
according to still another embodiment of the present invention; 
20 FIG. 21 is a block diagram showing the circuit 

configuration of a semiconductor element; and 

FIG. 22 is a sectional view of a semiconductor device 
according still another embodiment of the present invention. 

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS 



In the following embodiments, if necessary for 
convenience, a description will be made in a plurality of 
sections or embodiments. However, unless otherwise stated. 
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these sections or einbodiments are not related to each other, 
and one of the sections or einbodiments is a modification, 
details, a supplementary explanation, or the like of some or 
all of the other sections or embodiments. 
5 In the following embodiments, when the number of elements 

or the like (including the number of parts, a numerical value, 
quantity, a range, and the like) are mentioned, unless 
otherwise stated or unless the number of elements and the like 
are apparently limited to specific numbers in principle, the 

10 number of elements and the like are not limited to specific 
numbers and may be the specific numbers or more or less. 

In the following embodiments, the constituent elements 
(including element steps or the like) , unless otherwise stated 
or unless the constituent elements are apparently necessary in 

15 principle, the constituent elements are not always necessary as 
a matter of course. 

In the following embodiments, when the shapes of 
constituent elements or the like, positional relationships, and 
the like are mentioned, unless otherwise stated or unless the 

20 shapes, the positional relationship, and the like are 

apparently wrong in principle, it is assumed that the shapes 
and the like substantially include approximate or similar 
shapes or the like. This can be similarly applied to the 
numerical values and the range. 

25 The same reference numerals as in all the drawings for 

explaining the embodiments denote parts having the same 
functions in the drawings, and an explanation thereof will not 
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be repeated. In the following embodiment, unless a special 
explanation is necessary, an explanation of the same parts or 
similar parts will not be repeated. 

In the drawings used in this embodiment, hatching may be 
5 applied to even a plan view to make it easy to see the plan 

view. In addition, hatching may be omitted even in a sectional 
view to make it easy to see the sectional view. 

The embodiments of the present invention will be 
described below with reference to the accompanying drawings. 

10 

(Embodiment 1) 

A semiconductor device according to this embodiment will 
be described below with reference to the drawings. FIG. 1 is a 
sectional view showing the structure of a semiconductor device 

15 according to an embodiment of the present invention. 

A semiconductor device 1 shown in FIG. 1 is a glass- 
sealed type semiconductor device, for example a glass-sealed 
type diode. As shown in FIG. 1, the semiconductor device 1 
includes electrodes constituted by Dumet wires, i.e., Dumet 

20 electrodes 2 and 3, a glass sealing member (glass tube or glass 
sleeve) 4, and a semiconductor element 6 (semiconductor chip) 
airtight ly sealed (enclosed or airproof sealed) in a cavity 5 
constituted by the Dumet electrodes 2 and 3 and the glass 
sealing member 4 . 

25 The glass sealing member 4 has a tubular (cylindrical) 

shape. The Dumet electrode 2 and the Dumet electrode 3 are 
arranged to face each other through the semiconductor element 6. 
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The Diomet electrodes 2 and 3 and the semiconductor element 6 
interposed therebetween are inserted into the tubular glass 
sealing member 4. With heating in the glass sealing step, the 
glass sealing-member 4 is fused on the outer peripheral 
5 surfaces of the Dumet electrodes 2 and 3. Therefore, the Dumet 
electrode 2, the semiconductor element 6, and the Dumet 
electrode 3 are sealed by the glass sealing member 4 . 

The semiconductor element 6 is a diode such as a Schottky 
barrier diode (Schottky diode) , one of the cathode and the 

10 anode is electrically connected to the Dumet electrode 2, and 
the other of the cathode and the anode is electrically 
connected to the Dumet electrode 3. A bump electrode 7a 
comprised of silver (Ag) or the like is formed on one major 
surface (upper surface) of the semiconductor element 6 as one 

15 electrode of the cathode and the anode, and a back side 
electrode 7b is foirmed on the other major surface (lower 
surface) as the other electrode of the cathode and the anode. 
The bump electrode 7a of the semiconductor element 6 is 
electrically connected to the Dumet electrodes 2 and 3, and the 

20 back side electrode 7b of the semiconductor element 6 is 
electrically connected to the Dumet electrode 2. 

An external lead 8 is connected to the Dumet electrode 2, 
and an external lead 9 is connected to the Dumet electrodes 3. 
The external leads 8 and 9 are constituted by core lines 

25 containing, e.g., copper and iron as main components. As 

described above, the Dumet electrodes 2 and 3 are connected to 
the semiconductor element 6 (the bump electrode 7a and the back 
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side electrode 7b thereof) in the glass sealing member 4, and 
can function as internal electrodes (internal leads or internal 
terminals) of the semiconductor device 1. The external leads 8 
and 9 are exposed from the glass sealing member 4, and can 
5 function as external electrodes (external terminals) of the 
semiconductor device 1. For example, when the semiconductor 
device 1 is mounted on a wiring board (not shown) , the external 
lead 8 and 9 are connected to the wiring pattern on the wiring 
board by using soldering or the like. 

10 FIG. 2 is a sectional view of the Dumet electrodes 2 and 

3. The Dumet electrode 2 and the Dumet electrode 3 have 
cylindrical shapes, and have the same shapes and the same 
configurations, respectively. The sectional view in FIG. 2 
corresponds to the section of the Dumet electrode 2 along an A- 

15 A line in FIG. 1, and the section of the Dumet electrode 3 is 
the same as that in FIG. 2. 

The Dumet electrodes 2 and 3 are constituted by Dumet 
wires, respectively. The Dumet electrodes 2 and 3 are obtained 
by cutting, e.g., relatively long Dumet wires into lines having 

20 predetermined lengths. As shown in FIG. 2, each of the Dumet 
electrodes 2 and 3 has a cylindrical core portion (core 
material, center layer, or core line) 11 and a coating layer 
(copper layer 12) formed on the outer periphery (side surface) 
of the cylindrical core portion 11. The cylindrical core 

25 portions 11 of the Dumet electrodes 2 and 3 comprise a nickel- 
containing alloy such as an alloy (iron-nickel alloy) 
containing, e.g., iron and nickel as main components. Each of 
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the Dumet electrodes 2 and 3 has a layer containing copper as a 
main component, i.e., a copper layer 12 as a coating layer for 
the core portion 11. In this embodiment, the copper layer 12 is 
a layer containing copper as a main component. It is assumed 
5 that the copper layer 12 may slightly contain a component 
except for copper as an impurity. A copper oxide layer 14 
comprised of a copper -oxide (CU2O) or the like is formed on the 
outer surface of the copper layer 12. In this embodiment, as 
will be described later, the Dumet electrode 2 and the Dumet 

10 electrode 3 constituted by Dumet wires include the copper 
layers 12 at ratios of 20 wt% or more. 

The semiconductor element 6 is arranged on the core 
portion 11 of the Dumet electrode 2. Since the semiconductor 
element 6 is arranged on the core portion 11 the coefficient of 

15 thermal expansion of which is relatively approximate to that of 
the semiconductor element 6, the reliability of the electric 
connection between the semiconductor element 6 and the Dijmet 
electrodes 2 and 3 can be improved. The copper layer 12 is 
formed as a coating layer on the outer periphery of the core 

20 portion 11, so that the coefficients of thermal expansion of 
the Dumet electrodes 2 and 3 and the glass material (glass 
sealing member 4) are matched with each other to make the glass 
sealing easy. In cooling after the glass sealing, the glass 
(glass sealing member 4) can be prevented from being cracked. 

25 Since the copper oxide layer 14 is formed as the outermost 
layer, so that the adhesive strength between the Dumet 
electrodes 2 and 3 and the glass sealing member 4 can be more 
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improved. For example, the copper oxide layer 14 is also fused 
together with the glass sealing member 4 in the glass sealing 
and then cooled, so that the adhesive strength between the 
Dumet electrodes 2 and 3 and the glass sealing member 4 can be 
5 more improved. 

The steps in manufacturing the semiconductor device 1 
will be described below. The steps in manufacturing the 
semiconductor element (semiconductor chip) 6 will be described 
below. FIGS. 3 to 6 are main sectional views of the steps in 

10 manufacturing the semiconductor element 6. 

As shown in FIG. 3, a semiconductor substrate 
(semiconductor wafer) 21 comprised of n"^-type silicon in which 
an impurity (for example, arsenic (As) or phosphor (P) ) having 
an n-type conductivity is doped at a high concentration (for 

15 example, about 1 x 10^° atoms/cm^) is prepared. An epitaxial 
layer (epitaxial silicon layer) 22 having an n-type 
conductivity is formed on the semiconductor substrate 21 by 
using a vapor-phase growth (epitaxial growth) . An impurity (for 
example, arsenic (As) or phosphor (P) ) having an n-type 

20 conductivity is doped in the epitaxial layer 22. The film 

thickness of the epitaxial layer 22 is, e.g., about several pm. 
The n-type impurity concentration contained in the epitaxial 
layer 22 is, e.g., about 1 x 10^^ atoms/cm^. 

A silicon oxide layer 23 is formed on the upper surface 

25 of the epitaxial layer 22 by using a thermal oxidizing method. 
A PSG (Phosphor Silicate Glass) film 24 is deposited on the 
silicon oxide layer 23 by using a CVD (Chemical Vapor 
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Deposition) method or the like. In this manner, a surface 
protecting film 25 constituted by the silicon oxide layer 23 
and the PSG film 24 is formed. With the above processes, the 
structure shown in FIG. 3 can be obtained. 
5 As shown in FIG. 4, the surface protecting film 25 is 

dry-etched by using, as an etching mask, a photoresist pattern 
(not shown) formed by -photolithography technique to form an 
opening 26 reaching the epitaxial layer 22. The bottom area 
(bottom shape) of the opening 26 can be selected as needed. For 

10 example, the bottom can have a planar circular shape having a 
diameter of, e.g., about several jjm to several ten )jm. 

As shown in FIG. 5, a metal film 27 comprised of, e.g., 
tungsten (W) is formed on the surface protecting film 25 
including the inside of the opening 26. The metal film 27 can 

15 be formed by using, e.g., a sputtering method or the like. As 
the method of forming the metal film 27, a CVD method or the 
like can be applied. As the material of the metal film 27, a 
metal material having a work function depending on the size of 
a Schottky barrier to be formed can be selected. In addition to 

20 tungsten (W) described above, titanium (Ti) , chromium (Or) , 

silver (Ag) , palladium (Pd) , or the like can be used. The film 
growing temperature of the metal film 27 is, e.g., about 200 to 
300^0. 

Thermal treatment is performed to the resultant structure 
25 to react the metal film 27 and the epitaxial layer 22 to each 
other, so that a thin silicide (tungsten-silicide) layer 28 is 
formed on the interface between the metal film 27 and the 
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epitaxial layer 22. The thermal treatment for silicif ication 
can be performed at a temperature falling within the range of, 
e.g., 400 to 600°C. When the temperature of the thermal 
treatment is increased, silicif ication is enhanced, and the 
5 film thickness of the silicide layer 28 can be increased. When 
the silicif ication is excessively enhanced (the silicide layer 
28 is excessively thick), a backward current (leakage current) 
of a Schottky diode to be formed increases. When the 
silicif ication is excessively poor (the silicide layer 28 is 

10 excessively thin) , a backward current (leakage current) of the 
Schottky diode to be formed increases. For this reason, a 
thermal treatment temperature is set for silicif ication 
depending on requested diode characteristics to control the 
degree of silicif ication, so that the characteristic values of 

15 a diode to be manufactured can be controlled to desired values • 
The reaction of silicif ication on the bottom of the metal film 
27 can occur in not only the thermal treatment step for 
silicif ication but also various steps performed at a relative 
high temperature, e.g., the steps of forming the metal film 27 

20 and other material films. 

The metal film 27 is patterned by dry etching using, as 
an etching mask, a photoresist pattern (not shown) formed by 
photolithography technique . 

A metal film 29 comprised of, e.g., chromium (Cr) or the 

25 like is formed on the surface protecting film 25 including the 
upper surface of the metal film 27. The metal film 29 is formed 
by using, e.g., a sputtering method. As another material of the 
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metal film 29, aluminum (Al) or the like can also be used. The 
film forming temperature of the metal film 29 falls within the 
range of, e.g., about 200 to 300**C. The metal film 29 is 
patterned by dry etching using, as an etching mask, a 
5 photoresist pattern (not shown) formed by photolithography 

technique. In this manner, a metal electrode (anode electrode) 
30 constituted by the -metal film 27 and the metal film 29 and 
being in contact with the epitaxial layer 22 at the bottom of 
the opening 26. If the metal film 29 is unnecessary, the 

10 formation of the metal film 29 can be omitted. A Schottky 
barrier (Schottky junction) is formed between the metal 
electrode 30 (the metal film 27 thereof) and the epitaxial 
layer 22 due to a difference between the work functions of the 
metal film 27 and the epitaxial layer 22. In this manner, the 

15 structure in FIG. 5 can be obtained. 

As shown in FIG. 6, a silicon nitride - film and a silicon 
oxide film are sequentially deposited on the semiconductor 
substrate 21 to form a surface final protecting film 31, The 
surface final protecting film 31 is dry-etched by using, as an 

20 etching mask, a photoresist pattern (not shown) formed by 

photolithography technique to form an opening 32 reaching the 
metal electrode 30. 

A titanium (Ti) film and a nickel (Ni) film are 
sequentially deposited on the semiconductor substrate 21 from 

25 the bottom to form a bump electrode underlying film 33. At this 
time, a palladium (Pd) film or the like may be deposited in 
place of the nickel film. A photoresist film (not shown) is 
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coated on the bunp electrode underlying film 33, and an opening 
corresponding to the bump electrode forming region is formed in 
the photoresist film by photolithography, A nickel (Ni) film, a 
copper (Cu) film, a silver (Ag) film, or the like are deposited 
5 on the bump electrode forming region by, e.g., a plating method 
to form a bump electrode 34 (corresponding to the bump 
electrode 7a) . Thereafter, after the photoresist film used for 
forming the bump electrode 34 is removed, the bump electrode 
underlying film 33 is removed by wet etching using, e.g., a 

10 potassium hydroxide solution or an ammonium iodide solution 

such that the bump electrode underlying film 33 serving as the 
lower part of the bump electrode 34 is left. In this manner, 
the bump electrode 34 is formed on the metal electrode 30 
exposed from the opening 32. The thickness (height) ti of the 

15 bump electrode 34 on the metal electrode 30 is, e.g., about 25 
jam. 

The lower surface of the semiconductor substrate 21 is 
ground as needed to thin the semiconductor substrate 21. After 
the lower surface of the semiconductor substrate 21 is wet- 

20 etched, the semiconductor substrate 21 is washed. Thereafter, a 
conductive material (metal material) is deposited on the lower 
surface of the semiconductor substrate 21 by using, e.g., a 
sputtering method or the like to form a back side electrode 
(corresponding to a cathode electrode, i.e., the back side 

25 electrode 7b) 35. The back side electrode 35 is constituted by, 
e.g., a silver (Ag) film. The film forming temperature of the 
back side electrode 35 falls within the range of about 200 to 
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300°C. Thereafter, as needed, the semiconductor substrate 21 is 
cut (diced) and separated into independent semiconductor 
elements (semiconductor chips) to foim a semiconductor element 
(semiconductor chip) 6 serving as a Schottky barrier diode. 
5 The semiconductor device 1 will be manufactured as 

described below by using the semiconductor element 6 
manufactured as described above, FIGS. 7 to 9 are explanatory 
views (sectional views) of steps in manufacturing the 
semiconductor device 1. 

10 A relatively long Dumet wire for foming the Dumet 

electrodes 2 and 3 is cut by, e.g., a diamond cutter or the 
like into Dumet wires having predetermined lengths to form the 
Dumet electrodes 2 and 3. Therefore, the Dumet electrodes 2 and 
3 are constituted by Dumet wires and have cylindrical shapes. 

15 The external lead 8 is connected (welded) at the center 

position of an end face (single side, cross section, or flat 
surface) of the Dumet electrode 2 or near the center position, 
and the external lead 9 is connected (welded) at a the center 
position of an end face (single side or cross section) of the 

20 Dumet electrodes 3 or near the center position. For example, 
when arc welding or spot welding is used, the external leads 8 
and 9 can be connected (welded) to the Dumet electrodes 2 and 3. 
After the external lead 8 (external lead 9) is connected 
(welded) to the cross section of the Dumet wire for forming the 

25 Dumet electrodes 2 and 3, the Dumet wire is cut to make it 

possible to form the Dumet electrode 2 (Dumet electrode 3) to 
which the external lead 8 (external lead 9) is connected 
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(welded) . 

Glass sealing is performed by using an asseinbling jig 41. 
As shown in FIG. 7, a plurality of circular grooves (hole) 42 
in the form of a grating on the upper surface of the assembling 
5 jig 41. The grooves 42 are constituted by grooves (holes) 42a 
formed in the upper surface of the assembling jig 41 and having 
relatively large diameter and grooves 42b (holes) formed in the 
bottoms of the grooves 42a and having relatively small 
diameters. As described above, the Dumet electrode 2 to which 

10 the external lead 8 is connected is inserted (put) into each of 
the grooves 42 of the assembling jig 41 such that the Dumet 
electrode 2 faces upward (the external lead 8 faces downward) . 
When each of the diameters of the grooves 42b is made smaller 
than the diameter of the Dumet electrode 2 and larger than the 

15 diameter of the external lead 8, only the external lead 8 is 

inserted into each of the grooves 42b, and the Dumet electrode 
2 is fixed to the bottom of each of the grooves 42a. 

A glass tube (glass sleeve) 4a serving as the glass 
sealing member 4 may be put (inserted) into each of the grooves 

20 42 (grooves 42a) of the assembling jig 41 to fit the Dumet 

electrode 2 in the hole of the glass tube 4a. Alternatively, 
after putting the glass tube 4a into the groove 42 of the 
assembling jig 41, the Dumet electrode 2 to which the external 
lead 8 is connected may be put into each of the grooves 42 

25 (grooves 42a) to fit the Dumet electrode 2 in the hole of the 
glass tube 4a) . 

As shown in FIG. 8, the semiconductor element 6 
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manufactured as described above is put in each of the grooves 
42 (grooves 42a) of the assembling jig 41. In this manner, the 
semiconductor element 6 is arranged on the Dumet electrode 2 in 
the hole of the glass tube 4a. At this time, any one of the 
5 upper surface (surface on which the bump electrode 7a (bump 
electrode 34) is foimed) and the lower surface (surface on 
which the back side electrode 7b (back side electrode 35) is 
formed) may face upward. As shown in FIG. 9, the Dumet 
electrode 3 to which the external lead 9 is connected is 

10 inserted (put) into each of the grooves 42 (grooves 42a) of the 
assembling jig 41 such that the Dumet electrode 3 to which the 
Dumet electrode 3 faces downward (the external lead 9 faces 
upward) . In this manner, the Dumet electrode 3 is fitted in the 
hole of the glass tube 4a. The semiconductor element 6 is 

15 sandwiched by the Dumet electrodes 2 and 3. As needed, the 

Dumet electrode 3 is applied with load by using a pressurizer 
(not shown) to press the Dumet electrodes 2 and 3 to the 
semiconductor element 6. 

The assembling jig 41 on which the Dumet electrodes 2 and 

20 3, the semiconductor element 6, and the glass tube 4a are set 
as shown in FIG. 9 is put into a heating device (heating 
furnace) (not shown) for glass sealing to heat the assembling 
jig 41 to a predetermined temperature. In this manner, the 
glass tube 4a is melted to fuse the glass tube 4a on the outer 

25 peripheral surfaces of the Dumet electrodes 2 and 3. After the 
heating, the assembling jig 41 is cooled (slowly cooled) to 
harden the glass tube 4a, thereby obtaining the glass sealing 
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member 4 . In this manner, the members are fixed, and the 
semiconductor device 1 in FIG. 1 is manufactured. Since the 
glass sealing member 4 is adhesively bonded (fused or sealed) 
to the outer peripheries of the Dumet electrodes 2 and 3, the 
5 semiconductor element 6 located between the Dumet electrode 2 
and the Dumet electrode 3 is airtight ly sealed. The 
manufactured semiconductor device 1 is removed from the 
assembling jig 41, and a test for checking the polarity of the 
semiconductor device 1 is performed to discriminate the anode 

10 of the semiconductor device 1 from the cathode thereof, and 
marking is performed as needed. In the step of mounting the 
semiconductor device 1 on a wiring board, the external leads 8 
and 9 are connected to the wiring pattern of the wiring board 
through soldering or the like. 

15 FIG. 10 is an explanatory diagram (table) showing the 

characteristics of glass used in the glass sealing member 4 
(glass tube 4a) . In FIG. 10, a glass material Gi having a 
relatively high softening point (glass softening point or 
softening temperature) and a glass material (low-melting glass) 

20 G2 having a relatively low softening point (glass softening 

point or softening temperature) are shown. The softening point 
of the glass material G2 is lower than that of the glass 
material Gi, the sealing temperature (adhesive sealing 
temperature, temperature in glass sealing, or temperature of a 

25 furnace in glass sealing) can be lowered. 

As described above, in the glass sealing step, the glass 
sealing member 4 (glass tube 4a) is fused on the outer 
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peripheral surfaces of the Dumet electrodes 2 and 3 by heating. 
With the sealing at this time, the metal film 27 of the metal 
electrode 30 of the semiconductor element 6 reacts with the 
epitaxial layer 22 to enhance silicif ication, and the thickness 
5 of the silicide layer 28 may increase. The enhancement of 
silicification functions to increase a current (leakage 
current) in the opposite direction of the semiconductor element 
6 serving as a Schottky barrier diode. For this reason, in a 
heat treatment step for silicification of the lower part of the 

10 metal film 27 performed after the metal film 27 is formed, even 
if a heat-treatment temperature is set depending on requested 
diode characteristics to control the degree of silicification 
(thickness of the silicide layer 28), the silicification of the 
metal film 27 is enhanced by heating in the glass sealing step, 

15 and the diode characteristics may be different from the request 
values. This may decreases the manufacturing yield of 
semiconductor devices and may increase the manufacturing cost 
of the semiconductor devices. For this reason, the glass 
sealing temperature is preferably set to be low as far as 

20 possible. 

When the glass sealing temperature is high, compression 
stress or tensile stress increases, the adhesive property 
(reliability of electric connection) between the semiconductor 
element 6 and the Dumet electrodes 2 and 3 may be deteriorated. 
25 The reliability of the electric connection between the 

semiconductor element 6 and the Dumet electrodes 2 and 3 may be 
deteriorated not only when the semiconductor element 6 is a 
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Schottky barrier diode but also when the semiconductor element 
6 is a PN junction diode (for example, a PN switching diode, a 
zener diode, or the like) which does not use a metal electrode 
forming a Schottky barrier. This may decrease the manufacturing 
5 yield of semiconductor devices and may increase the 

manufacturing cost of the semiconductor devices. For this 
reason, the glass sealing temperature is preferably set to be 
low as far as possible. 

However, according to the studies by the present 

10 inventors, it was found that the adhesive property between the 
glass sealing member (glass tube) and the Dumet electrode may 
be poor when the glass sealing temperature is lowered by using 
a low-melting-point glass (or glass having a low softening 
point) . This may deteriorate the tensile strength between the 

15 glass sealing member and the Dumet electrode (Dumet wire) and 
may cause a decrease in manufacturing yield of semiconductor 
devices and an increase in manufacturing cost of the 
semiconductor device. 

FIG. 11 is an explanatory diagram (table) showing ratios 

20 of the copper layers in the Dumet electrodes 2 and 3 used in 
the semiconductor device 1 according to the embodiment and a 
nickel (Ni) content (nickel ratio or nickel content) of the 
core portion 11. In FIG. 11, not only the Dumet electrodes 2 
and 3 according to the embodiment but also a Dumet electrode 

25 (Dumet wire) Dce are shown. 

As shown in FIG. 11, in the semiconductor device 1 
according to the embodiment, in the Dumet electrode 2 and the 
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Dumet electrode 3 to be used, ratios of the copper layers 12 
are 20 wt% or more each (with respect to the respective Dumet 
electrodes 2 and 3) . According to the studies by the present 
inventors, the following fact was understood. That is, when the 
5 proportions (ratios) of the copper layers 12 of the Dumet 
electrodes 2 and 3 in the Dumet electrodes 2 and 3 are 
controlled, even though a glass sealing temperature is lowered 
by using glass having a relatively low melting point (low 
softening point) as the material of the glass sealing member 4 

10 (glass tube 4a) , the adhesive property between the glass 

sealing member 4 and the electrodes 2 and 3 is improved to make 
it possible to improve the tensile strength. In the embodiment, 
the ratios of the copper layers 12 in the Dumet electrodes 2 
and 3 are 20 wt% or more each. However, when the ratios of the 

15 copper layers 12 in the Dumet electrodes 2 and 3 preferably 

fall within the range of 20 to 25 wt%, and more preferably fall 
within the range of 21 to 24 wt%. In other words, in the 
embodiment, a Dumet wire in which a ratio of the copper layer 
12 is 20 wt% or more is used to form the Dumet electrodes 2 and 

20 3, a Dumet wire in which a ratio of the copper layer 12 falls 
within the range of 20 to 25 wt% is more preferably used to 
form the Dumet electrodes 2 and 3, and a Dumet wire in which a 
ratio of the copper layer 12 falls within the range of 21 to 24 
wt% is still more preferably used to form the Dumet electrodes 

25 2 and 3. A thickness ta of the copper layer 12 is more 

preferably larger than a thickness (height) ti of the bump 
electrode 34 (bump electrode 7a) of the semiconductor element 6.. 
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FIG. 12 is a graph showing a result of the tensile 
strength test of a semiconductor device (glass-sealed type 
diode) using a Dumet electrode Dce of a comparative example 
shown in FIG, 11 in place of the Dumet electrodes 2 and 3. In 
5 the graph in FIG. 12, a case in which the glass material Gi in 
FIG. 10 is used as the. glass sealing member 4 (glass tube 4a) 
and a case in which the glass material G2 is used as the glass 
sealing member 4 are shown. In the tensile strength test, a 
load was applied to the external lead 8 (or the external lead 

10 9) , and the degree of applied load at which a defective 
(separation of the glass sealing member 4 from the Dumet 
electrode Dce) occurs was measured with respect to a plurality 
of samples (semiconductor devices) . The abscissa in FIG. 12 
corresponds to a tensile load (arbitrary unit) , and the 

15 ordinate in FIG. 12 corresponding to a cumulative probability 
of defective samples. 

As shown in FIG. 12, when glass sealing is performed at a 
relatively high sealing temperature by using the glass material 
Gi having a relatively high softening point to manufacture a 

20 semiconductor device (glass-sealed type diode) (corresponding 
to a blank circle in FIG. 12), the adhesive property between 
the glass sealing member 4 and the Dumet electrode Dce is 
relatively good, and the probability of causing defects by a 
low tensile load is relatively low. However, when glass sealing 

25 is performed at a relatively low sealing temperature by using 
the glass material G2 having a relatively low softening point 
(low melting point) to manufacture a semiconductor device 
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(glass-sealed type diode) (corresponding to a blank square in 
FIG. 12), the adhesive property between the glass sealing 
member 4 and the Dumet electrode Dce becomes poor, and the 
probability of causing defects even at a relatively low tensile 
5 load increases. This deteriorates the reliability of the 

semiconductor device (glass-sealed type diode) and decreases 
the manufacturing yield of semiconductor devices. 

FIG. 13 is a graph showing a result of a tensile strength 
test of the semiconductor device 1 using the Dumet electrodes 2 

10 and 3 according to the embodiment. In the graph in FIG. 13 

shows a case in which the glass material G2 having a relatively 
low softening point (low melting point) is used as the glass 
sealing member 4 (glass tube 4a. The graph in FIG. 13 shows a 
case in which the ratios of the copper layers 12 in the Dumet 

15 electrodes 2 and 3 fall within the range of 20 to 21 wt%, a 

case in which the ratios fall within the range of 21 to 24 wt%, 
and a case in which the ratios fall within the range of 24 to 
25 wt%. In the tensile strength test, a load was applied to the 
external lead 8 (or the external lead 9) , and the degree of 

20 applied load at which a defective (separation of the glass 

sealing member 4 from the Dumet electrodes 2 and 3) occurs was 
measured with respect to a plurality of samples (semiconductor 
devices 1) . The abscissa in FIG. 13 corresponds to a tensile 
load (arbitrary unit) , and the ordinate in FIG. 13 

25 corresponding to a cumulative probability of defective samples. 
As shown in FIG. 13, the Dumet electrodes 2 and 3 
according to the embodiment in which the ratios of the copper 
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layers 12 are larger than that of the Dumet electrode Dce are 
used to make it possible to improve the adhesive property 
(adhesive strength) between the glass sealing member 4 and the 
Dumet electrodes 2 and 3, to increase the tensile strength, and 
5 to decrease the probability of causing defects at a low tensile 
load. The effect of the improvement in adhesive property 
between the glass sealing member 4 and the Dumet electrodes 2 
and 3 can be obtained when the ratios of the copper layers 12 
of the Dumet electrodes 2 and 3 are set at 20 wt% or more of 

10 the Dumet electrodes 2 and 3, respectively. 

In this manner, even though glass (for example, the glass 
material G2) having a relatively low softening point (low 
melting point), is used as the material of the glass sealing 
member 4 (glass tube 4a) to lower the glass sealing temperature, 

15 the adhesive property between the glass sealing member 4 and 
the Dumet electrodes 2 and 3 can be improved, and the tensile 
strength between the glass sealing member 4 and the Dumet 
electrodes 2 and 3 can be improved. For this reason, the 
probability of causing defects at a low tensile load can be 

20 reduced. Therefore, the reliability of the semiconductor device 
1 can be iirproved, and the manufacturing yield of semiconductor 
devices 1 can be improved. The manufacturing cost of the 
semiconductor device 1 can also be reduced. Since the adhesive 
property (adhesive strength) between the glass sealing member 4 

25 and the Dumet electrodes 2 and 3 can be improved, the contact 

state between the bump electrode 7a or the rear electrode 7b of 
the semiconductor element 6 and the Dumet electrodes 2 and 3 
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can be improved. For this reason, the contact areas between the 
bump electrode 7a or the rear electrode 7b of the semiconductor 
element 6 and the Dumet electrodes 2 and 3 can also be reduced, 
and the semiconductor element 6 or the semiconductor device 1 
5 can be easily reduced in size. In addition, a ratio of open 
defects can also be reduced in a surge test. 

The ratios of the copper layers 12 in the Dumet 
electrodes 2 and 3 preferably fall within the range of 20 to 25 
wt% of the Dumet electrodes 2 and 3, and more preferably, fall 

10 within the range of 21 to 24 wt%. In this manner, as shown in 
FIG. 13, the adhesive property (adhesive strength) between the 
glass sealing member 4 and the Dumet electrodes 2 and 3 is more 
improved to improve the tensile strength between the glass 
sealing member 4 and the Dumet electrodes 2 and 3, so that the 

15 probability of causing defects at a low tensile load can be 
more reduced. For this reason, the reliability of the 
semiconductor device 1 can be more improved. 

According to the studies by the present inventors, when 
glass (for example, the glass material G2) having a relatively 

20 low softening point (low melting point) is used as the material 
of the glass sealing member 4 (glass tube 4a) to lower the 
glass sealing temperature, the metal electrode 30 (metal film 
27) of the semiconductor element 6 can be suppressed or 
prevented from being silicified in the glass sealing step, and 

25 it is confirmed that the characteristics of the semiconductor 
element 6 can be suppressed or prevented from changing 
(varying) . In this manner, the electric characteristics of the 
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manufactured semiconductor device 1 are stabilized. It is 
confirmed that the manufacturing yield of semiconductor devices 
are considerably improved comparing with that obtained when 
glass (for example, the glass material Gi) having a relatively 
5 high softening point is used. 

According to the studies by the present inventors, the 
nickel contents (nickel ratios) of the core portions 11 of the 
Dumet electrodes 2 and 3 are preferably set at 45 wt% or less. 
As shown in FIG. 11, the nickel contents of the core portions 

10 11 preferably fall within the range of 41 to 43 wt%. When the 
nickel contents of the core portions 11 of the Dumet electrodes 
2 and 3 are set to the above-mentioned values, the adhesive 
property (adhesive strength) between the glass sealing member 4 
and the Dumet electrodes 2 and 3 can be more improved when the 

15 glass sealing temperature is lowered by using the glass 
material (for example, the glass material G2) having a 
relatively low softening point (low melting point) . For this 
reason, the tensile strength between the glass sealing member 4 
and the Dumet electrodes 2 and 3 can be more improved, and the 

20 probability of causing defects at a low tensile load can be 

more reduced. Therefore, the reliability of the semiconductor 
device 1 can be more improved. 

The present inventors have also studied the relationship 
between the adhesive property between the glass sealing member 

25 4 and the Dumet electrodes 2 and 3 and the thickness of the 

copper oxide layers 14 in the Dumet electrodes 2 and 3. FIG. 14 
is a graph showing a result of a tensile strength test of the 
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semiconductor device 1 when the thickness of the copper oxide 
layers 14 of the Dumet electrodes 2 and 3 are changed. The 
graph in FIG. 14 shows a case in which the glass material G2 
having a relatively low softening point (low melting point) is 
5 used as the glass sealing member 4 (glass tube 4a to set the 

thickness of the copper oxide layers 14 of the Dumet electrodes 
2 and 3 at 1.0 to 1.2*|jm, a case in which the thickness of the 
copper oxide layers 14 are set at 1.5 \xm, and the thickness of 
the copper oxide layers 14 are set at 1.6 to 1.8 )am. In this 

10 embodiment, the thickness of the copper oxide layers 14 of the 
Dumet electrodes 2 and 3 correspond to the thickness of the 
copper oxide layers 14 obtained before the glass sealing step 
is performed. The abscissa in FIG. 14 corresponds to a tensile 
load (arbitrary unit) , and the ordinate in FIG. 14 corresponds 

15 to a cumulative probability of defective samples. 

As is apparent from FIG. 14, the thickness of the copper 
oxide layers 14 of the Dumet electrodes 2 and 3 are set at 1.5 
|jm or less to improve the adhesive property (adhesive strength) 
between the glass sealing member 4 and the Dumet electrodes 2 

20 and 3 and to improve the tensile strength, so that the 

probability of causing defects at a low tensile load can be 
reduced. In this manner, even though glass (for example, the 
glass material G2) having a relatively low softening point (low 
melting point) is used as the material of the glass sealing 

25 member 4 (glass tube 4a) to lower the glass sealing temperature, 
the adhesive property between the glass sealing member 4 and 
the Dumet electrodes 2 and 3 can be improved, the tensile 
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strength between the glass sealing member 4 and the Dumet 
electrodes 2 and 3 can be improved, and the probability of 
causing defects at a low tensile load can be reduced. Therefore, 
the reliability of the semiconductor device 1 can be more 
5 improved, and the manufacturing yield of semiconductor devices 
1 can be more improved. The manufacturing cost of the 
semiconductor device 1 can also be reduced. 

In the embodiment, as described above, the glass-sealed 
type semiconductor device 1 is manufactured by using the Dumet 

10 electrode 2 and the Dumet electrode 3 in which the ratios of 

the copper layers 12 are 20 wt% or more, more preferably, fall 
within the range of 20 to 25 wt%, and still more preferably, 
fall within the range of 21 to 24 wt%. Since the Dumet 
electrodes 2 and 3 are used, even though a glass material 

15 having a low softening point (low melting point) is used as the 
material of the glass sealing member 4 to lower a glass sealing 
temperature, the adhesive property between the glass sealing 
member 4 and the Dumet electrodes 2 and 3 is not deteriorated. 
For this reason, the reliability of the semiconductor device 

20 can be improved, and the range of a softening point of a glass 
material which can be used as the glass sealing member 4 (glass 
tube 4a) becomes wide, and the selection of glass materials is 
extensive. Therefore, the degree of freedom of the steps in 
manufacturing a semiconductor device increases, and the 

25 semiconductor can be easily manufactured. The manufacturing 
cost of the semiconductor device can also be reduced. 

In the embodiment, since the adhesive property between 
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the glass sealing member 4 and the Dumet electrodes 2 and 3 can 
be secured, a glass sealing temperature can be lowered by using 
a glass material (for example, the glass material G2 or the 
like) having a low softening point (low melting point) . For 
5 exanple, the sealing temperature of the glass sealing member 4 
(glass tube 4a) in the glass sealing step is preferably set at 
a temperature at which silicif ication (reaction between the 
• metal film 27 and the epitaxial layer 22) of the metal film 27 
(metal electrode 30) is not enhanced. The sealing temperature 

10 (adhesive sealing temperature) is more preferably set at 630°C 
or less (set temperature of the furnace) , and still more 
preferably set at 620'*C or less. The softening point (glass 
softening point) of the glass sealing member 4 (glass tube 4a) 
is more preferably set at 560°C or less, and still more 

15 preferably set at 552°C or less. A glass material having a low 
softening point (low melting point) is used to lower the glass 
sealing temperature, so that the metal film 27 of the metal 
electrode 30 of the semiconductor element 6 and the epitaxial 
layer 22 are suppressed or prevented from reacting to each 

20 other and being silicified. For this reason, after the 

semiconductor element 6 is manufactured, the characteristics 
(for example, electric characteristics such as forward or 
backward current characteristics) of the semiconductor element 
6 can be suppressed or prevented from changing (varying) . 

25 Therefore, glass-sealed type semiconductor devices (Schottky 
barrier diodes) having desired characteristics can be stably 
manufactured at a high yield. The manufacturing cost of the 
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semiconductor devices can be reduced. Since the sealing 
teinperature in the glass sealing step is relatively higher than 
an ambient temperature of the semiconductor substrate 21 (metal 
film 27) in the step of fonning the semiconductor element 6, a 
5 low glass sealing temperature is very effective to stabilize 
the electric characteristics of the glass-sealed type 
semiconductor device (Schottky barrier diode) . 

Silicif ication (reaction to the epitaxial layer 22) of 
the metal film 27 (metal electrode 30) is easily enhanced when 

10 tungsten is used as the material of the metal film 27 (the 

reaction easily occurs at a relatively low temperature) . For 
this reason, when the glass sealing temperature cannot be 
lowered, as the material of the metal film 27 (metal electrode 
30) f only a metal material which cannot be easily silicif ied 

15 must be selected. In the embodiment, even though the glass 

sealing temperature is lowered, the adhesive property between 
the glass sealing member 4 and the Dumet electrodes 2 and 3 can 
be secured. For this reason, the glass sealing can be performed 
even at a low temperature, and the metal material such as 

20 tungsten the silicif ication of which is not enhanced can be 
used as the material of the metal electrode 30 (metal film 27) 
of the Schottky barrier diode. For this reason, the selection 
of glass materials is extensive, and semiconductor devices 
(Schottky barrier diodes) having various characteristics can be 

25 manufactured. 

When the glass sealing temperature is high, compression 
or tensile stress increases, and the adhesive property (the 
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reliability of electric connection) between the semiconductor 
element 6 and the Dumet electrodes 2 and 3 may be deteriorated. 
However, in the embodiment, since a glass sealing temperature 
can be lowered by using a glass material having a low softening 
5 point (low melting point), the reliability of the electric 
connection between the semiconductor element 6 and the Dumet 
electrodes 2 and 3 can be improved. 

In the embodiment, the securement (improvement) of the 
adhesive property between the glass sealing member 4 and the 

10 Dumet electrodes 2 and 3, the prevention of the variation of 

characteristics (electric characteristics) of the semiconductor 
device, and the securement (improvement) of the reliability of 
the electric connection between the semiconductor element 6 and 
the Dumet electrodes 2 and 3 can be compatible. 

15 In the above embodiment, as the material of the glass 

sealing member 4 (glass tube 4a) , lead glass containing lead as 
shown in FIG. 10 is used. As another embodiment, glass (lead- 
free glass) which is free from lead can also be used as the 
material of the glass sealing member 4 (glass tube 4a) . In this 

20 manner, contamination or the like caused by lead can be 

prevented. In addition, semiconductors can be more easily 
manufactured . 

(Second Embodiment) 
25 In the first embodiment, a Schottky barrier diode is used 

as the semiconductor element 6 glass-sealed in the 
semiconductor device 1. In the second embodiment, a diode 
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element except for a Schottky barrier diode, e.g., a 
semiconductor element (semiconductor chip) constituted by a 

diode element using a PN junction is used in place of the 
semiconductor element 6. 
5 FIGS. 15 to 18 are main sectional views of steps in 

manufacturing a semiconductor element (semiconductor chip) 6a 
used in the semiconductor device according to the embodiment. 

As shown in FIG. 15, a semiconductor substrate 
semiconductor wafer) 51 comprised of n'*"-type silicon in which an 

10 impurity (for example, arsenic (As) or phosphor (P) ) having an 
n-type conductivity is doped at a high concentration is 
prepared. An epitaxial layer (epitaxial silicon layer) 52 
having an n""-type conductivity is formed on the semiconductor 
substrate 51 by using a vapor-phase growth (epitaxial growth) . 

15 An impurity (for example, arsenic (As) or phosphor (P) ) having 
an n-type conductivity is doped in the epitaxial layer 52. The 
film thickness of the epitaxial layer 52 is, e.g., about 
several pm to several ten pm. 

A silicon oxide film 53 is formed on the surface of the 

20 epitaxial layer 52 by using thermal oxidation or the like. 

As shown in FIG. 16, the silicon oxide film 53 is 
selectively removed by using photolithography or dry etching to 
form an opening 54 reaching the epitaxial layer 52. Thereafter, 
an impurity (for example, boron (B) ) having a p-type 

25 conductivity is doped in the epitaxial layer 52 by using the 

silicon oxide film 53 as a mask by ion implantation or the like, 
and thermal treatment is performed as needed. In this manner, a 
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p-type diffusion layer (p-type impurity diffusion layer or p- 
type semiconductor region) 55. After this manner, a PN (P/N) 
junction between the p-type diffusion layer 55 and the n-type 
epitaxial layer 52 is formed. 
5 As shown in FIG. 17, an oxide film 56 is formed by using 

thermal oxidation on the surface to which the p-type diffusion 
layer 55 is exposed. A silicon oxide (Si02) film is deposited 
on the semiconductor substrate 51, and a PSG (Phosphor Silicate 
Glass) film is deposited on the surface of the silicon oxide 

10 film by, e.g., a CVD method, to form a surface protecting film 
57 constituted by the silicon oxide film and the PSG film. 

The oxide film 56 and the surface protecting film 57 are 
selectively removed by photolithography and dry etching to foinn 
an opening (contact hole) 58. At this time, the p-type 

15 diffusion layer 55 is exposed on the bottom of the opening 58. 

A conductor (metal) film comprised of a metal material 
such as tungsten (W) , titanium (Ti) , chromium (Cr) , silver (Ag) , 
or palladium (Pd) having a work function depending on the size 
of a Schottky barrier to be formed is deposited on the 

20 semiconductor substrate 51 (surface protecting film 57) 

including the inside of the opening 58 by, e.g., a sputtering 
method. The conductor film is patterned by using 
photolithography and dry etching to form a surface electrode 59. 
As shown in FIG. 18, a silicon nitride film and a silicon 

25 oxide film are deposited on the semiconductor substrate 51 are 
sequentially deposited to form a surface final protecting film 
60 constituted by the silicon nitride film and the silicon 
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oxide film. The surface final protecting film 60 is selectively 
removed by using photolithography and dry etching to expose the 
surface of the surface electrode 59, 

Like the bump electrode underlying film 33 and the bump 
5 electrode 34 according to the first embodiment, a bump 
electrode underlying film 61 and a bump, electrode 62 
(corresponding to the "bump electrode 7a) are formed on the 
surface electrode 59. 

After the lower surface of the semiconductor substrate 51 

10 is ground as needed to thin the semiconductor substrate 51, 

like the back side electrode 35 of the first embodiment, a back 
side electrode (corresponding to a cathode electrode, i.e., the 
back side electrode 7b) 63 . Thereafter, the semiconductor 
substrate 51 is cut (diced) into independent semiconductor 

15 elements (semiconductor chips) to fonn a semiconductor element 
6a serving as a PN junction diode element. 

By using the semiconductor element 6a manufactured as 
described above, as in the first embodiment, a semiconductor 
device la according to the second embodiment is manufactured. 

20 FIG. 19 is a sectional view of the semiconductor device la of 
the embodiment, and corresponds to FIG. 1. 

As shown in FIG. 19, the semiconductor device la of the 
embodiment is a glass-sealed type semiconductor device, e.g., a 
glass-sealed type diode. In the semiconductor device la, a 

25 semiconductor element (semiconductor chip) 6a is tightly sealed 
(sealed) in a cavity 5 constituted by Dumet electrodes 2 and 3 
and a glass sealing member (glass tube or glass sleeve) 4. 
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External leads 8 and 9 are connected to the Dumet electrodes 2 
and 3, respectively. The semiconductor element 6a is a diode 
having a PN junction therein as described above. The 
semiconductor device la has almost the same configuration as 
5 that of the semiconductor device 1 of the first embodiment 
except that the semiconductor element 6a is used in place of 
the semiconductor element 6^ a description of the configuration 
(for example, the Dumet electrodes 2 and 3, the glass sealing 
member 4, and the external leads 8 and 9) except for the 

10 configuration of the semiconductor element 6a will be omitted. 

When a glass-sealed semiconductor device is manufactured 
by using the semiconductor element 6a as described above, a 
high glass sealing temperature increases compression or tensile 
stress, and the* adhesive property (reliability of electric 

15 connection) between the semiconductor element 6a and the Dumet 
electrodes 2 and 3 may be deteriorated. In the glass sealing 
step, the lower part of the surface electrode 59 reacts to the 
upper surface of the p-type diffusion layer 55 to cause 
silicif ication, and a defect (e.g., an increase in backward 

20 leakage current or the like) may occur. These detects may 

deteriorate the reliability of the semiconductor device. In the 
second embodiment, these problems can be solved by using the 
same Dumet electrodes 2 and 3 as used in the first embodiment. 
More specifically, as in the first embodiment, the adhesive 

25 property between the Dumet electrodes 2 and 3 and the glass 
sealing member 4 can be improved, and a glass sealing 
temperature can be lowered by using a glass material having a 
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low softening point (low melting point) as the glass sealing 
member 4. For this reason, the reliability of the electric 
connection between the semiconductor element 5a and the Dumet 
electrodes 2 and 3 can be improved. The lower part of the 
5 surface electrode 59 and the upper surface of the p-type 

diffusion layer 55 can be suppressed or prevented from reacting 
to each other, and a defect (e.g., an increase in backward 
leakage current) caused by silicif ication of the lower part of 
the surface electrode 59 can be prevented. Therefore, the 
10 reliability of the semiconductor device la can be improved. The 
manufacturing yield of semiconductor devices can be increased, 
and the manufacturing cost of the semiconductor devices can be 
reduced. 

15 (Third Embodiment) 

In the first and second embodiments, diodes are used as 
the semiconductor elements 6 glass-sealed in the semiconductor 
device 1. In this embodiment, a semiconductor element 
(semiconductor chip) except for the diode is used in place of 
20 the semiconductor element 6. 

FIG. 20 is a sectional view of a semiconductor device lb 
according to the embodiment, and corresponds to FIG. 1. 

As shown in FIG. 20, the semiconductor device lb of the 
embodiment is a glass-sealed type semiconductor device, and can 
25 function as a non-contact type electronic tag having, e.g., a^ 
microwave receiving antenna. In the semiconductor device lb, a 
semiconductor element (semiconductor chip) 6b is airtight ly 
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sealed (enclosed) in a cavity 5 constituted by Dumet electrodes 
2 and 3 and a glass sealing member (glass tube or glass sleeve) 
4 . External leads 8 and 9 are connected to the Dumet electrodes 
2 and 3, respectively. The semiconductor device lb has almost 
5 the same configuration as that of the semiconductor device 1 of 
the first embodiment except that the semiconductor element 6b 
is used in place of the semiconductor element 6, a description 
of the configuration (for example, the Dumet electrodes 2 and 3, 
the glass sealing member 4, and the external leads 8 and 9) 

10 except for the configuration of the semiconductor element 6b 
will be omitted. 

FIG. 21 is a block diagram (explanatory diagram) showing 
a circuit configuration of the semiconductor element 
(semiconductor chip) 6b. The semiconductor element 6b comprises 

15 a single-crystal silicon having, e.g., vertical length x 

horizontal length = 0.3 mm x 0.4 mm and a thickness of about 
0.15 mm. Circuits for rectification, transmission, clock 
extraction, a selector, a counter, a ROM, and the like are 
formed in an element forming region on a major surface of the 

20 semiconductor element 6b. On the outside of the element forming 
region, a bonding pad (not shown) is formed. 

The ROM has a 128-bit memory capacity to make it possible 
to store data the amount of which is larger than that of data 
stored in a tag using a bar code. The data stored in the ROM is 

25 advantageously difficult to be dishonestly altered in 
comparison with data stored as a bar code. 

In the element foming region on the major surface of the 
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semiconductor element (semiconductor chip) 6b, a bump electrode 
(surface electrode) 7c is formed. The Dumet electrodes 3 is 
electrically connected to the bump electrode 7c. The bump 
electrode 7c is connected to a circuit shown in FIG. 21 through 
5 a bonding pad formed at a peripheral portion (region except for 
the element forming region) on the major surface of the 
semiconductor element " (semiconductor chip) 6b. A back side 
electrode 7d is formed on the lower surface of the 
semiconductor element 6b. The Dumet electrode 2 is electrically 

10 connected to the back side electrode 7d. Therefore, the bump 
electrode 7c of the semiconductor element 6b is electrically 
connected to the external lead 9 through the Dumet electrode 3, 
and the back side electrode 7d of the semiconductor element 6b 
is electrically connected to the external lead 8 through the 

15 Dumet electrode 2. In the embodiment, the external lead 8 or 
the external lead 9 can function as a microwave receiving 
antenna. The lengths of the external leads 8 and 9 can be 
optimized such that a microwave or the like having a frequency 
of, e.g., 2.45 GHz can be efficiently received. In this manner, 

20 the semiconductor element 6b can be operated by receiving high- 
frequency electromagnetic wave energy through the external 
leads 8 and 9 serving as antennas. 

In the embodiment, the same Dumet electrodes 2 and 3 as 
in the first embodiment to make it possible to improve the 

25 adhesive property between the Dumet electrodes 2 and 3 and the 
glass sealing member 4 as in the first and second embodiments, 
and a glass sealing temperature can be lowered by using a glass 
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material having a low softening point (low melting point) as 
the glass sealing member 4. For this reason, compression or 
tensile stress generated by a change in temperature in the 
glass sealing step can be suppressed, and the reliability of 
5 the electric connection between the semiconductor element 6b 
and the Dumet electrodes 2 and 3 can be irrproved. Therefore, 
the reliability of the semiconductor device lb can be improved. 
The manufacturing yield of semiconductor devices can be 
improved, and the manufacturing cost of the semiconductor 
10 devices can be reduced. 

(Fourth Embodiment) 

In the first embodiment, the semiconductor device 1 has 
the external leads 8 and 9 as external electrodes (external 

15 terminals) . A semiconductor device according to the fourth 

embodiment comprises external electrodes (external teinninals) 
having flat surfaces in place of the external leads 8 and 9, so 
that surface mounting can be achieved. 

FIG. 22 is a sectional view of a semiconductor element Ic 

20 according to this embodiment, and corresponds to FIG. 1 of the 
first embodiment. 

The semiconductor element Ic is a glass-sealed type 
semiconductor device as in the first embodiment, e.g., a glass- 
sealed type diode. As shown in FIG. 22, the semiconductor 

25 element Ic has Dumet electrodes (Dumet wires) 2 and 3 

constituted by Dumet wires, a glass sealing member (glass tube 
or glass sleeve) 4, and a semiconductor element (semiconductor 
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chip) airtightly sealed (enclosed) in a cavity 5 constituted by 
the Dumet electrodes 2 and 3 and the glass sealing member 4. 
The Dumet electrodes 2 and 3 and the semiconductor element 6 
sandwiched by the Dumet electrode 2 and the Dumet electrode 3 
5 are inserted into the tubular glass sealing member 4, and the 
glass sealing member 4 is fused on the outer peripheral 
surfaces of the Dumet electrodes 2 and 3. 

In the semiconductor element Ic, unlike the semiconductor 
device 1 according to the first embodiment, no external leads 

10 are connected (welded) to the Dumet electrodes 2 and 3, and 

disk-like conductive portions 71 and 72 are connected (welded) 
to the Dumet electrodes 2 and 3 in place of the external leads, 
respectively. The conductive portions 71 and 72 have disk-like 
shapes having diameters larger than those of the Dumet 

15 electrodes 2 and 3, respectively. One surfaces of the 

conductive portions 71 and 72 are connected (welded) to the 
Dumet electrodes 2 and 3, respectively. The conductive portions 
71 and 72 connected to the Dumet electrodes 2 and 3 are exposed 
from the glass sealing member 4, and can function as external 

20 electrode (external terminals) of the semiconductor element Ic. 
The conductive portions 71 and 72 serving as the external 
electrodes (external terminals) have flat exposed surfaces. 
When the semiconductor element Ic is mounted on a wiring board 
(not shown) , the exposed surface of the conductive portion 71 

25 or the conductive portion 72 are surface-mounted on the wiring 
pattern or the like on the wiring board. 

When the semiconductor element Ic is manufactured, the 
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Diomet electrodes 2 and 3 to which the conductive portions 71 
and 72 are connected (welded) are prepared in advance. As in 
the first embodiment, the Dumet electrode 2 to which the 
conductive portion 71 is connected, the semiconductor element 6, 
5 the Dumet electrode 3 to which the conductive portions 71 and 
72 is connected are inserted into the glass tube 4a (glass 
sealing member 4) . The glass tube 4a is melted to be fused on 
the Dumet electrodes 2 and 3 and the conductive portions 71 and 
72, and the glass tube 4a is sealed. The other configurations 

10 and the other manufacturing steps are the same as those in the 
first embodiment, a description thereof will be omitted. 

In the embodiment, by using the same Dumet electrodes 2 
and 3 as in the first embodiment, the same effect as in the 
first embodiment (e.g., improvement of reliability of a 

15 semiconductor device achieved by improvement of adhesive 

property between the Dumet electrodes 2 and 3 and the glass 
sealing member 4) can be achieved. In addition, the 
semiconductor element Ic of the embodiment can be surface- 
mounted on a wiring board or the like. For this reason, saving 

20 of a mounting area or the like can be achieved. The step of 

mounting the semiconductor element Ic on a wiring board or the 
like can be easily performed. 

The invention made by the present inventors has been 
described above on the basis of the embodiments. However, the 

25 present invention is not limited to the embodiments, and 
various changes and modifications can be effected without 
departing from the spirit and scope of the invention. 
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An effect obtained by a typical one of the inventions 
disclosed in this application will be briefly described below. 

A glass-sealed type semiconductor device is formed by 
using a Dumet wire in which a layer containing copper as a main 
5 component is 20 wt% or more, so that the reliability of the 
semiconductor device can be improved. 



